Objectives: To evaluate and characterise cognitive impairment in the very early stage of multiple sclerosis (MS), in which patients are still diagnosed as suffering from probable MS. Methods: The Brief Repeatable Battery-Neuropsychological (BRB-N) that has been validated for MS patients was used. Abnormal performance was defined as one standard deviation below the mean reported for healthy age matched subjects. Neurological disability and brain magnetic resonance imaging (MRI) were performed for all patients. Correlation coefficients were calculated between disease burden variables and performance on the BRB-N. Results: Sixty seven patients with probable MS were evaluated within a mean of one month of the onset of new neurological symptoms. Evidence for the presence of cognitive impairment was shown in 53.7% of patients. Verbal abilities and attention span were most frequently affected. Impairment was not correlated with neurological disability or MRI disease burden. Conclusion: Prevalent cognitive impairment already exists at onset of MS.
P robable multiple sclerosis (MS) is defined by the first appearance of various combinations of motor, sensory, coordination, visual, and cognitive impairments, as well as symptoms of fatigue and urinary tract dysfunction compatible with central nervous system (CNS) involvement in young adults. 1 Despite the widespread use of electrophysiological studies, brain and spinal cord imaging, and immunological parameters that contribute to diagnosis and better understanding of the early processes involved in MS, 2 3 there are still aspects that require further investigation. Cognitive impairment in probable MS has been described sparsely. 4 Growing awareness and accumulating data regarding the cognitive impairment and its progression in MS patients has received an important place in neurological research in the past decade. 5 6 More specifically, memory loss was reported to be prevalent early in the natural history of MS. 7 Coupled with studies showing tissue abnormalities and destruction, axonal loss, and brain atrophy early in the disease course, 8 it is imperative to acquire a body of knowledge made up of histological, physiological, imaging, and clinical parameters pertaining to probable MS. Such knowledge may contribute to better delineation of baseline cognitive impairment so that interventions designed to limit or delay tissue damage may be initiated. 9 These may enable prevention of the irreversible consequences of forgoing treatment such as changes in brain volume, 10 and loss of axonal integrity. 11 The diagnosis of definite MS requires a second neurological exacerbation. 12 Between the first and second relapse, patients are classified as suffering from probable MS. This may in fact be a critical period within which pathological processes involved in cognitive impairment are not dormant, similar to magnetic resonance imaging (MRI) studies showing activity of the disease while physicians await clinical confirmation.
The aim of the present study was to evaluate the frequency of cognitive impairment in patients diagnosed as suffering from probable MS, and correlate these findings with demographic, clinical, and brain MRI parameters.
SUBJECTS AND METHODS

Study participants
Patients evaluated at the Multiple Sclerosis Center, Sheba Medical Center, Tel Hashomer, Israel, aged 15-55 years (inclusive), who had onset of new neurological symptoms within the three months preceding the study were recruited. Patients had to have experienced symptoms reflecting predominantly white matter involvement, occurring for a period of at least 48 hours and resolving partially or completely within 2-8 weeks (that is, attack), with clinical evidence of at least one lesion producing objective CNS dysfunction, and with paraclinical evidence of demyelinating lesions by brain MRI examination (positive brain MRI) (CPMS C2 or CPMS C3). 12 Positive brain MRI was defined in accordance with Fazekas and colleagues' criteria 13 as the appearance of three or more ellipsoid demyelinating lesions whose diameter is 3 mm or more, within the brain. Of these lesions at least one was evident within the periventricular white matter or brainstem in a diameter of 6 mm or longer.
Neuropsychological assessment
The neuropsychological tests battery was based on the Brief Repeatable Battery-Neuropsychological (BRB-N). 14 15 In brief, the BRB-N is composed of the following tests. (1) The selective reminding test measures verbal learning and delayed recall through presentation of a list of 12 words and five subsequent learning trials. Delayed recall (SRTD) is assessed after an 11 minute delay. (2) The 10/36 spatial recall test (SPART) assesses visual learning and recall by recreating the pattern of 10 checkers on a 6×6 checkerboard viewed for 10 seconds. (3) The symbol digit modalities test (SDMT) measures complex attention and concentration by requiring the subject to associate symbols with numbers and quickly generate the number when shown the symbol during 90 seconds. (4) The paced auditory serial addition task (PASAT) evaluates sustained attention and information processing speed, and is measured by asking the patient to add each number to the one immediately preceding it while numbers are presented every three seconds. (5) The word list generation (WLG) measures semantic verbal fluency, evaluating the spontaneous production of words beginning with a particular letter during 60 seconds. The BRB-N (translated and validated in Hebrew) 16 was administered in a single 45 minute testing session by a trained clinical and rehabilitation psychologist experienced in administration of these tests. Scoring of all BRB-N measures was verified by our centre's psychiatrist (YB) before data entry. Normative values were adopted in accordance with values obtained by Boringa and colleagues, 15 and abnormal values were defined as one standard deviation (SD) below the mean for normal controls. In addition, the clock drawing test (CDT) was administered in accordance with the procedure described by Shulman and colleagues. 17 The CDT encompasses a range of higher level cognitive abilities, including integrative functions, abstract thinking, and visuospatial organisation. 18 Disability assessment Neurological disability was assessed by the Exapanded Disability Status Scale (EDSS). 19 The EDSS is an eight functional system scale that includes: motor, sensory, cerebellar, brain stem, visual, mental, sphincteric, and others. Each is graded from 0 = no disability, to 5 or 6 = maximal disability. According to the score in each functional system, an integrated score between 0 = normal examination and 10 = death from MS, is derived.
Psychiatric assessment
Each patient underwent a clinical interview that was semistructured and is the modified Hebrew version of the specific interview originally designed for use with the Brief Psychiatric Rating Scale. In addition, the Goldberg anxiety and depression scale was used to assess the probability of the presence of a clinically relevant disorder as described previously. 20 Brain MRI Brain MRI examinations were obtained using a 2.0 Tesla Imager (Elscint, Israel). For each MRI examination the following data were acquired: (1) sagittal T1 weighted localiser images (500/12 TR/TE), 24 cm field of view, 256×180 matrix; (2) axial dual spin-echo (PD) and T2 weighted sequence (5500/16-128 TR/TEs), 22 cm field of view, 256×256 matrix; and (3) axial T1 weighted images (500/12 TR/TE), 24 cm field of view, 256×180 matrix before and after intravenous administration of 0.1 mmol/kg of Gd-DTPA. All examinations covered the brain from the level of the foramen magnum to the higher convexity of the scalp, using 3 mm slice thickness and no interslice gap, yielding 44 contiguous images. Disease burden was quantified using the multispectral MS Analyze software which includes several algorithms that enable the integration of data from at least three MR pulse sequences. Automatic detection and quantification of white matter lesions on MR images was thus obtained. 21 
Statistical analysis
Procedures for evaluating BRB-N performance as well as the composite domains were defined in accordance with normative values reported by Boringa and colleagues 15 ; selection of variables for the composite cognitive domains analysis was guided by the factor analysis reported by Fischer and colleagues. 22 The correlations between the demographic parameters and the cognitive subgroups were tested using Fisher's exact test and Pearson's χ 2 test for the categorical parameters, and ANOVA for continuous parameters. Differences between the normal and abnormal results in each of the composite cognitive domains and EDSS and MRI parameters were tested using the Mann-Whitney U test for independent groups. Data are presented as mean (SD); p < 0.05 was considered statistically significant.
RESULTS
Sample baseline characteristics
Sixty seven patients (45 women, 22 men, ratio 2:1) with probable MS were administered and completed the BRB-N and brain MRI examination within a mean of 29 (20) days of the first appearance of neurological symptomatology. Mean age for the group was 32.3 (10.3) years. Patients' levels of education were as follows: elementary school (eight years), one patient; high school, 27 patients; academic, 39 patients. Mean neurological disability assessed by the EDSS was 2.2 (1.3). None of the patients had suffered from a psychiatric disorder that could affect cognitive performance. Table 1 presents the results of the cognitive tests. The most frequent abnormality was found in the visual learning and recall abilities, followed by semantic verbal fluency and complex attention and concentration.
BRB-N performance
For each cognitive test a new categorical parameter was created. This categorical parameter was assigned a value of 0 ("normal") if the corresponding cognitive test value was within the normative range, 15 or the value of 1 ("abnormal"), defined as one SD below the mean for normal controls. The new categorical cognitive parameters were summed per patient to reflect the number of abnormal cognitive values. Accordingly, three subgroups of patients were defined as follows: group 1, patients who had no abnormal cognitive tests; group 2, patients who had 1-2 abnormal cognitive tests; and group 3, patients who had three or more abnormal cognitive tests. Table 2 presents the distribution of patients according to the groups defined. It is of interest to note that the great Composite cognitive domains analysis Reasoning that cognitive domains affected in patients with probable MS may be similar to the prevalence of deficits in large community based samples of MS patients with definite diagnosis, 22 23 we grouped the assessed cognitive tests into three sets: set A, information processing and learning/recent memory; set B, visuospatial abilities and executive functions; and set C, verbal abilities and attention span. Only patients showing abnormal test scores for both tests in each set were categorised as abnormal. Table 3 displays the normal and abnormal values for the composite scores. The most frequently affected domain among subjects with probable MS was set C (25.4% abnormal)-a composite measure of complex attention and concentration together with verbal fluency.
Brain MRI and pattern of cognitive impairment Brain MRI measurements of volumetric disease burden in all modalities (Gd, T2, PD, and T1) did not correlate with cognitive impairment at disease onset. None of the cognitive tests showed a significant correlation with MRI disease burden. The mean MRI volume parameters were similar for all three subgroups of categorical performance of the BRB-N. Using the Mann-Whitney U test no correlations were found between either the normal or abnormal values for the composite cognitive domains scores and neurological disability or brain MRI burden of disease.
DISCUSSION
Studies reporting on the frequency of disturbance of cognitive functions in MS patients show significant interpatient variability and depend on the methods used and on the type of patients examined. In up to 50% of patients in whom no cognitive disturbances are found on routine neurological examination, cognitive impairments can be elicited using sensitive and disease specific neuropsychological tests. 24 Even in patients with short disease duration of less than two years, discrete impairment of cognitive function may be found in up to 60% on neuropsychological testing without impacting activities of daily living. 25 To the best of our knowledge this is the first study evaluating cognitive performance in a group of patients suffering from probable MS, not treated with disease modifying agents and within the very early stage (mean: one month) of the onset of neurological symptomatology. Previous studies, although showing cognitive impairment in patients with clinically isolated syndrome of the type seen in MS, are different from our study as patients have been evaluated after longer periods since disease onset (mean 2.2 and 6.3 years respectively). 26 27 Our findings in essence show that discrete cognitive impairment can be detected in up to 53.7% of patients who had abnormal scores on one (19.4%) or two (34.3%) neuropsychological tests. The BRB-N was designed as a screening test and is thus sensitive at the cost of specificity, and our findings should be interpreted with this in mind. This high incidence is in accordance with the findings of Zivadinov and colleagues, 8 who reported that in the early phase of relapsing remitting MS (mean disease duration 3.8 years, range 1-5), 26.4% patients were judged to be cognitively impaired (abnormal cognitive scores in two tests). It is important to emphasise that despite the high rate of impaired performance on the BRB-N, not even one subject had been diagnosed as clinically suffering from dementia. Moreover, the CDT, which is a screening test for suspected dementia, failed to show abnormal results in the great majority of tested patients (94%). It is imperative that the clinical significance of the present findings be placed in the proper context. For all patients enrolled in this study, the presence of cognitive impairment had no effect on activities of daily leaving, and impairment was not related to a dysfunction in any of the domains constituting appropriate functioning-that is, intrapersonal, social, or professional. It has been reported that cognitive impairment has no or only a weak correlation with the degree of anxiety, 6 but as it may impact negatively patients cognitive performance when first confronted with the possibility that they may be suffering from MS, we have taken care to assess patients' emotional status before testing.
Only a few longitudinal studies examined the correlation between MRI abnormalities and pattern of cognitive impairment in MS. 28 29 A moderately strong correlation with lesions burden on proton density weighted MRI has been reported for deficits of selective cognitive domains. 30 None of these studies had included patients with probable MS or patients within the very early phase of the disease. In our study we did not find correlation between cognitive impairment and various parameters of disease burden as quantified by brain MRI. This can suggest that the inflammatory or active lesions at onset are not the direct cause of the cognitive impairment seen later in the course of MS. The relatively mild disease burden on T1, although present in this early stage, is yet far from influencing cognitive performance.
One may postulate that the process of axonal loss, known to occur early in the disease process, 31 might be associated with the current abnormal cognitive findings. This is in agreement with recent studies showing that cerebral axonal damage may begin and affect disability from the earliest stages of the disease. 8 11 Recent drug trials for relapsing remitting MS have shown some positive effects on neuropsychological measures. Thus, interest in defining a basic neuropsychological test battery and in deriving agreement as to the domains that need be tested in MS patients has became imperative. Fischer and colleagues 22 grouped neuropsychological measures into three sets according to the prevalence of deficits (in each set) in a large sample of MS patients, and showed that the set most commonly affected (information processing/memory) positively responded to drug intervention. In the present study we have secondarily analysed the results in line with these cognitive sets. The most common impairment found was verbal abilities/attention span followed by information processing/ memory. It is of interest to note that frequency of affected sets reported by Fischer and colleagues 22 does not parallel our results. This may be related to the fact the patients described by Fischer and colleagues had longer disease duration (mean duration of disease greater than six years) compared to our population of probable MS, where mean disease duration was less than one month. This difference in the pattern of impairment according to predefined domains may reflect the balance between early inflammatory changes on the one hand, and the involvement of axonal pathology on the other.
11
To the best of our knowledge the present study is unique and the first to show cognitive impairment in patients suffering from probable MS. Characterising the pattern of cognitive dysfunction calls for further studies supporting our findings. Nevertheless, the high rates of impairment should alert clinicians to both referrals for neuropsychological screening very early in the disease course, as well as considering treatment even when neurological impairment is minimal and brain imaging shows limited disease burden.
